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# iS 2 0 0 3 -4 2 0 8 3 8 : 1/ 

"imm'k] ^mm^<omm 
itmm 1 ] 

^'i•^/^Titfe±^c. s i -u^^-'^^mi-^mr^mmm^^L. mtimmmmm 

Huiev a y m.VcM.\tm(^^WM.l^if 1 0 a t m%Jl^±3 5 a t m%^mxh^^ t ^# 

HtriEv'J ^R-fLM^bMoM^dJtTjn 5 a t m%Ji;±3 0 a t m%UT-e^>2) ^ <!: ^# 
IiS*Jg 7 1 

tfrfS^>'; =J ^^-fbM^bfl^O S i ^^^^2 2 a t m%jy.±2 7 a t m%J^:JlT. C;^^^2 0 a t m% 
i^±2 5 a t m%J^T, H7(/^ 3 5 a t m%JiJ._h4 5 a t m%mT<7)^H<7)M-e^)-i. C t ^ 

ifffSv'; :3>^>fbM>fl:M(i, $f>tCO^0. 5 a t m%JiiL±5 a t m%*#S«^7C*fc L 

m^m 9 1 

iuies i -H^^^m-r^mmmmm^^mi^my^m^t^'') 'y^^'^ymtfziiyi-'-^^^ 

IB c u ^ i ^ «^7c^ t i- ^ mmm t mu^mmitm t(Dmiz^mm^^-t^^t^w 
mt-fz> mi^^ 2 J 7t {4 3 %zm.(r>^m^mm.. 
m^m 1 1 1 

iulBC u ^3£/v:-l)«^7C*t t-'&ji^MTi^ AK Si^ Ag,W. Mg. Bi> Zn. 
Pd. Cd, Au. Hg. Be. Pt. Zr. Ti. t Ttfi S n O^^^ < t o^-g-tf 
C uTn^giT-^^^ t^#®t1-^li*]«27!;Ml 0 <7)v-i"^^;6— HfE«0#^#^S 

o 

[lt*:^l 2 1 

13 1 
Iff 1 4 1 
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^-v: 2/E 



1 5 1 

itrHeil4 <7)Xfi(±, B^ffe^^''; ^^i-7&^^^iii$tt7t?trtizHfrfs*mi^^ffif^-r'i>xfM-e^ 
[iS*^ 1 6] 

Huievv =f ym.\tmm.(rymMm.mif' i o a t m%i^±3 5 a t m%^m'Q^^^ t 

[iS*]^ 1 81 

HUlEvy =7 ^^'fkM'fbMO S i :?5^^2 2 a t m%mX2 7 a t m%i^T> C;^^~2 0 a t m% 
liJ.±2 5 a t m%J'J.T, H7i^ 3 5 a t m%m±4 5 a t m%i^T<7)|EHOMt-^^ C <!: ^ 

HUievU rr^^-fb^-fhlilfi. ^ibtrO^O. 5 a t m%m±5 a t m%*imS^7C^^ L 

Hu IE s i - H ig-^ ^m-r^m m mmm^^mi-myicmit *° v v n ^ -9- > m t *° - 7 ^ i^ 

[W^]K2 1] 

X n tc/sy 7 ^ ^ jvmifmir i> z t imwit-r ^m^m 1 5 msmo###:^eoisit 

[lt«2 2 1 

BufHC u ^•±/i*1t^7c:^<!:-r-5.#mM75^ AK Si.Ag, W. Mg, Bi. Zn, 

Pd. Cd. Au, Hg. Be. Pt. Zr, Ti. i (± S n <7)/i.-;^ < t — o ^-^tr 
C uTn^|ii-e*^C<L^#i!!:i:1->&li^:ai 4 T^M 2 1 <D\y^-rtn!)—'izUm.<D^mi^^ 

m^m2 31 
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#M 2003-420838 ^-v: 1/ 

[0 0 0 1 ] 
[0 0 0 2] 

:i tX-\^±^^X ^fzo L^^Lmf)i^-)^i}^^0. 2 5 ^ n > J: I) ^fc/jN$v^L S I -e{4f^ 
[0 0 0 3 1 

^^x\ nm<^m^mmmmi^m-r^iimtLx. 'i}tmx^m^^x^fzT)\^<^m^ 
mmmzw^mio'Z'fzo tfz'i}t^:d-(bm^^x\,>fz'y')::iymim'^^mmmmmmmmiz 
m^m^^mi:^^^ttx^^^o z<7)i&mmmm<D^xitmmm3 . o\ikT:bmMx^^m 
<D 1 <^<D7^mjt^°v iy^^-^>itT ji^^m^xummiti^mM^i^xisy) . c umy^xi> 
mimitmkm^nx^^^o ^<7)'pxi,m^M:^mit^vi^ti^-iryx$)^L-ox (-yv 

-^^•if-f K. : Ladder Oxide) iiS i-O-t^&l^S i - H^^^-gPtc ^ o ^ <7) 

mzf£^x\^-^^fzmvi'XM.(o-rvX'7 7 y 'yyv'^^mmmmzt^ir^m'iSLi)^-r ax. ua 
jimx(Dm^mti:^(D^itm-hmfk^M^^o 

[0 0 0 4 ] 

^'r^^<')7'^mm\zi^\mnmt-h^m:i^^fixioy)^ 'iJt^<Ditmm^m!n . ocd->'; 
■fyx-7cvT>x^m-f^mifim.^^f^xy^^^o ^tr^^B-fbocu/Low-k {^mn 

[0 0 0 5] 

. -e^oitc^ 1 ofaif 11^1^5 0 3;^^^?f^^$aTv>^o ^h\iz^(D±.\z^i<Ds I 02 m 

5 0 4;^»^^fM$n-Cv^^o -hieS^OO/s- "J -7 ^ItM 5 0 2. IS 1 Oftif m^^lli 5 0 3 . ^ 

i<7)s i 02 0 A iimm^ixxi-j: z>mmmmm^z{tmummmm^ fix an ^ z.<d 

0 6 J: 1 u@eifc;i)^'ffli6ii<^ff:^^$^Tv>^o -OC uSE^co±tl^ 1 CD/^V 7 
IfeftMS 0 7. -?-<7)±m^»tC||2<^jg:|fm^M5 08.^2<DSiO2!li50 ^t^^fi 

[0 0 0 6] 

±feii 1 (D/< T^Mm 507. m2 <D\^mm^m 508.^2<7)s 102^509 

^|5]«i;^2(7)/<'; Tp« i5';H^5 1 0. ^cD|*I1in;^2 <7)C uM5 1 1 5&^'ffii6ii<^?F^^$ 
^xrv^-So $ ^tIwC0eT<^±lI^2 0/<'J T^#M5 1 2 . ^<D±.[ZW\mz^3<DmM 

mW5 i3>^3<7)Si02M5i 4 /&5-g-tL-e-tLf^^$nrv^i,o iwi»tr±fe^2o^A^ 

tbiiE# 2003-31 10817 
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0 rmkm 5 12. ^3 (D^mm^m 5i3.^3osi02)ii5i4 mnm $ ^ ^ 
my^mmMm^^''^?^3 co/-<') T ^ ^ )]ym5 1 ^oi^hkii^soc uiiis i gtj^^*!) 
iii:jx^2<7)c u@sii75^^M$ttTv^^o ^o^2 oc u m3<D^<\) rmmm 

5 1 7;^»^^f^j?S(;$n-cv^^o c:oisjt^$ 'bt;'j>:>^t^)ar'C-ciiOiiL. m±m^m (Wis 

■etim2 0C u?»Beilt;*a^) .his J: L - O x H («i^T'(±|| 3 Oj&E^m^m 

/^PjlP^ihtT S i 02 MS 1 8 'flcfM$^x/cT;l/5 *">T-V ^^'VN- y K5 2 0 (JiT 
iZT i N^5 19, 5 2 1 ^^1"^) T^^g^^tL, C O 7 ;^ ^ 4^'> t-V y^'^^y K5 2 0 
<^-g|5^|^# S i 02 M5 2 2 =S:^L-CM-/n y ^14^*^ )^ 5 2 3 (S i ON 

[ 0 0 0 7 ] 

. vy >i^'^^^^is^^i$.mm±i<zfm^tifzrmm^m6 0 1 ±iz^ 5 0nm~io 

1^ 1 (DiS:mmmm6 0 3 • ^Jt^^fSrV^ 150nm~- 350n m<7)^)ji^^?fo 

o ■?rCO±lZ^ ^lSiO2m604^50nm-200 n m X v C V D'&m: 0 i^M 
L/c (El 1 5 (a) ) o 
[0 0 0 8] 

l+IWjhMt LTARCBie 0 5 ^M^^ikiz^ - y ^Kfzy ^ y l/vX 6 
0 6 ^fML/c (HIS (b) ) o itL^-7>^^t;L-C. ARC)ii605. ^KOSiO 
2 0 4, m<7)®^m^M6 0 3 =^7^^:^-d^■>^;^7'>5.^'^^fi:^f::^m: ^ 
yf\^. ^oo/s->j T^ftM6 0 2±-e>?> h -J^^^tzo 

[0 0 0 9] 

mim^^mom^^^-ytmif^Ltz (015 (c) ) o 

[0 0 10] 

^t;, J^/^°7 ^^Ml-T7"?t'~XMS> A r -r^^tCct^RFJ^7^^^f^o/>:fi:t;^l 
(D^^VT ^ ^ )\yme 0 7 =^1^3 0 nmf^^L> K^^S^-Si < . C u v- Kl^ (H^ 
1 0 0 n mff^^LfCo -^I'C ui6o^('T. Cu*!)o#M6 0 9 6 0 0 n 
m?F:^jtU/io -g-com. mmmT^~-)l'iZX 2 0 0- 4 0 OVX-^m^^j-Dtz (mi 6 (a 

) ) o 

[0 0 1 1 1 

Lfz (mi 6 (b ) ) o -^t*. 7°7X^C V D^MtC J; (9. 50-lOOn m<7)^ 1 O/-^' 

VT^itme 1 o^mj&Lfzo ^v^-c, II 2 ofaif m^M 6 i k $^tc^2<7)s i 02 

M6 1 2 ^liil-^j^MLfco 1^ l<7)ifTff^^<07t«6t3:7* h Vi5^7:7^ if 
T<^/^•^->i: Lr^2 0ARC!^6 1 3±t;^2<^7* h U-yT. h-^y^^ 6 1 4 
Lfc (a 1 6 (c) ) o 
10 0 12] 

:Lil^-7y.^ iZtX^ m2 (DARCme l 3. m2<DS i 02 me 1 2> ||2<7)'(&li 

mmme i i ^j^-;/^>i^'t. ^ i o/s'j rmmme i o±-ej^ y^;^ h -/^ii:. ^ i 

[0 0 131 

aiiiE# 2003-31 10817 
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'^^^ ?r^f ^: o fz^k. Ar-f:t>tcJ;^RF-xy-9^^^f^o Ttrf^Hll 2 (D^< V 7 p< ^ ^l^M 6 
1 5 ^1^3 0 nmf^itL. K^^® -5) - t ^ < . C u v- Klil 1 0 0 n 

T--;i/t^T2 0 0 -4 0 Ot:-ejtjfe^^i3^=fco/::o ^;l/CMP*J#f^ffiv^, IfT 

g|5mi-<7)^ ^^L-^I^^LlfT 6 1 7*ff^fifeL/i (mi 7 (a) ) o 
[0014] 

^tc. 7"^X-7C V D^St- if). 50-lOOn mO^ 2 O/s'j T^liM6 1 8 =^f^ 
^L/Co ^i/^-r. ^ 3 <7)fg:|f 6 19. $^tc^3<5DSi02fli62 O^jli^^ML 

(11 1 7 ( b ) ) o 
[0 0 15] 

-(7)ttjt#_hU. */hL/S = 0 . 14/0. 1 4 ;M m U^;K7)7 * h y ^^^'9 7 ^ - 
JMi^fflv^. l^3<7)ARCfli6 2 l^^mtC, /N°^--yi^-$;}X7t:^3 0y h kvX h 
■^7.^ (q2 2 =^fML/c (HIS (a) ) o 
[0 0 16] 

^M'^T.^^z'LX^ ^30ARCIil62K ^3<7)S iO2M620. %Z<n\^mn 
6 1 9^7on;f?-.i^~ y^ii'^ ^^tr ^ ^ i^*?^";^ J; (9 X'J^ y^> -^'L. ^2<D 

[0 0 17] 

Wi-J&Lfzo >X^z^ m IM^tmmzLX:^/':^ 3^mm:izrr:ff>^^m. Ar^^y^zx^h 
RF ^-y ^i^7^j:-ofztk^zm3 O/s'j ^ )]^me 2 3 ^1^3 0 nmfML. 
wi:^<. C u^^- Vm^^mi 0 0 nm?F^^L/io ^t^C uib^^lZX. C u M 6 2 4 ^ 
^'D6 0 0 nmM^LfZo -^Of^. |(tS'^T--;HIT 2 0 0 ~ 4 0 0 r-?;-*^^^1f o ?to 
^S';i^CMP^tTV^f|2 C u?tiSi^^f^^L> .10112 C u^SE^0±lcm3 0/s- 

'jTmrnme 2 5^m^^fir\^^:h (mis (b) ) o 

[0 0 18] 

-eoi^i^s o/'^'j rmmme 2 5±ic3 0 o~ 5 0 0 nmos i 02 SF^^ftM^y^^ 

X-^C VD;fe{cj: i^fML. ^3<7)ys-V T^ft)^6 2 5i3j:tf S i O2 mmBBmizy :i- 

b >; y i?*y y ^ -I5#f^fflv^^2 c u?t@s*a±tc^p^i3:tt^7ta6<7)y * h i^v^ h-^;^ 
^^fMLf^o itv^TsmLT^^s i 02 mmmmmisxzfm2<D^^v rmme 25^^ 
y^y^Lxm2 c uM^mt^^yr^ y^/^y v t^mm-T^fzi^'DmaU'^fi'^Lfz 

0 y* h i^vx Y'^:^^mmk:^^'^y ^ ') yvmzx «9 T i NMs 19^100-200 

nm, Al-Cu (0. 5%)1^520?r800~1000nm. Ti NM5 2 1 5 0 

-10 0 nm^m^f&mLfZo ^V^T. y * h 'J V^^V ^ - t$#f ^ ffl V ^ > 

^'^^y K^ff^j?Kf^y^ Mxv;^ h -7;^. t -eLT. ^^yr^ y^'/^y k±<7)T 

1 NM5 21^«^J:^t^SiO2M522^100-200nm. SiONM523^ 

1 0 0 - 2 0 0 n my°yX-7C VD-^lc i ^m^XMl^L. y * h 'J y i^*y y ^ -*5#fm: 
I9 4^>T-V >X/^°•y K±<7)S i ONM. S i O2 MiSii^T i NM5 2 1 Op/f^fl^^ ^ 
□ L'-i^'^xV y^y-^y K^Sai$-t-. mi 4 <7)i}i3f#:^M^#7'wo 
[0 0 191 

'^'yymzxhm.mj'^iy'j^'^x^^o m'f^n.wz^t^ f&ifm^co^rBmitMt try 
ym^r-\iy^^\^fzy')^yifyy^ (FSG) . i&itm^o/'^'; TMt LTs \ cm^ 

{±lIiE#2 003-3110817 
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1 1 mm 2002-526916 

i!\mxm 2 1 7^mmi^<^mm e, 417, 092-^ 

[0 0 2 0] 

[0 0 2 1 1 
[0 0 2 2 ] 

(OmmM&li. 1 0 a t m%mJi3 5 a t m%^mx^ ^ . i (9^ff i L < {± 1 5 a t m% 
m±3 0 a t m%*?S, t/i. -?-Olt!l(7)a^;0^'S i 7?i^^ 2 2 a t m%m±2 7 a t m%Jii.T 
> C/^)^2 0 a t m%JiJl±2 5 a t m%iiJ.T> H:^^'3 5 a t m%iy>_h4 5 a t m%mT<7)^ 
Ht?*>2>C t/S^^fS Lv^o ^/i. 3>^<ta^b)il{i, $^tCO^0. 5 a t m%J^JL± 
5 a t m%*?ii^^-r^^ t ^#mi:-r^o S i - HI^-^^^i-^^F^^IMti. TK^-ft 
V n ^ -ij- > ^^^^^MTK^'ft V n ^ -9- > J (± *° - 9 ;t^T-M7K^'fb iyri^-^^Xh^^t 
^mWLtir^o -hies i -H^^^^i-^^^^ltMt C u ^±/>:^t»^7C«<h1-^*« 

i^t<7)f^tc#^M^'ftM^;irL. ±fec u i±fz^mffscytmtir^mmmt±ti±mmit 
mt<Dmi<z±mm^m-r^^t:^mtLy^-o cu ^^tz^mii^jtmti-^m'mmii. ai 

. Si, Ag.W. Mg, Bi. Zn. Pd, Cd. Au> Hg, Be. Pt, Zr, T 
[0 0 2 3 ] 

jimt. ±is^f^^itM^^jnxi-^^2<^xfii:, ^<VT^ ^)i'mij&m'r^m3<Dxm 
cua.fz^mji^j€mt-r^mmm^j^mi-^m4<7)j:mt^ ±%immm±^zzyv =t 

ti/c?ti*it-±fE2fmm^ffif^-r^x^-^-^ 19 , Jiie^scoxsfi, jiiEgrBi^Mi^ir/ 

mtiE# 2003-3110817 
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I 0 'b 2 4 1 

OxM. S i 02 Hi. Si CMOv^-fn^Di^vltc^tLTyn -7 ^1i^^>7t'tv>;^ca6-e*<i> 
[0 0 2 5] 

1 ±tc-x-7f->^'x h .y/A°-^^;to^/'^'; Tnfeli)il<!: LT^OOv-; n ^^^bM'fkBi (S 
i, C, N, H^if^^MTC^t LT-^-^-t^^ftM) 1 0 2;^^^fM$tLri5^). -e<7> 
±t;;|^i^M7KS'ft*°'J vn^-y-y-eab-S^ 1 <7)L -O xMl 0 3 /^^^f^^$ nr v^-5>o -?-<7) 
±tc^l<7)S i O2 Ml 0 4 Ti^^ff^^^ttrv^ao iO^OcOv'J n^^'fbMftMl 0 2, 
HlOL-OxMlOS, ||l<7)SiO2Ml0 4 tcf^^^^xf^m 1 OEi^ffljttrtil^ 1 
O/s 'j ^jvmt LTT aM 1 0 6/T a Nfll 1 0 5 Olt^M (±^;^)^^T a T^/i)^~ 
TaNM) /6^~fM$tlTv^^o -e^OF^ffl 1 O C u ii 1 0 7 7&^~ai6ii S ^xC u Se^T^^'ff^ 

Ml 0 8, -e<7)±t3|Wl#mi2 <7)L-0 xM 1 09. ^2(7)S i02Ml 1 OiJ^^n^iX 

[0 0 2 6] 

W\mz\£Tmzm2(Dy^') r ^ 9 )Vm.t LTT a mi 1 2/T eNMI 1 1 , 

ffiijtci^2 oc uM 1 1 3 75^'a*:)^i* nif T75?ff^^$tLTv^^o ^h\,z^ -eotrT<7)±tc/^- 

vTmmmx^^m2(D'yv =iymtmitmi 1 4, 'e<7)±t-iw]#t;^3<7)L-oxMi 

15.^3(7)Si02Mll 6 7i)^~-?-ii^'tL«^f^^$ttTv>^o mmzm2(Dy') -=iym. 
itmitm^l 14. »3cOL-OxMl 1 5. ^3(7)S i02Ml 1 6 tif^^$ t^fc^ 2 O 
E^ffl^lifiHSO^t'; ^;i^Mt LTT a M 1 l 8 XT a NM l l 7 , O |*IffiiJ IC ^ 
30C uMl 1 9i}mib^titm2(r>C u jtiEm^^^?^^ $ „ i<^^ 2 u ^iE 

^±tc, mz<Dy') ■=^ymtmtm\ 2 o-hmm.^ftxyj^z,o ^<o«^^$f>ic-jz.^{ni> 

-OxM (^«f^l^-et±S3OL-0xMt;ffi^) 3 ^^^bM^{:M5i'^~?F^^$*^ 

'2.o ^LT. «±^ee^±t3(iv'J =f>;^'fb^'fbMt3^tt;t:^P^^f}-LTT>'l-5'i^">r''f 
Kl 2 3 75?^fM$n, ^ <7) T ;V 5 ^i^' > T-V Kl 2 3 (— -^Jt LXT)l'^ 

OJiTtcys-'j ^;vMt LTT i N§ 1 2 2 , 1 2 4 ^^"t ^#3t^[l7j^ LTV^^;^?, 
tt^ ^>cOT(i;tv>) co— S i O2 Ml 2 5 ^^^^ LTPJ^igr □ y 
i7^<D$)^iJ/^~m \ 2 6 (S i ONM^/vitiS i NM) X^W^ fi^mW.mM^i)mm. 

tBiiE# 2003-31 10817 
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' I 0 "b 2 7 ] 

t^'TSFemitfli^ s i 02 msi; L^c^ t-c-^^o m:^(r>T KTi)m'^^z^^^m^^^m% 

?i 75^^m^#tt ^ M^tt f^W ^ X. T V ^ <5> Tt: A6 « ^ $ ^ o 
[0 0 2 81 

>r(7)iji3f#gmi±T^^ltM2 0 \ ±.^zmo<^'y') ^yRitm.i\:m2 0 2 75^^?f^;5X$n-r 
^OiiC^T-HiTk^-fb*"'; ->n^-ij->'t:-^^^i(^L-Ox)iI2 0 3 ^^lf^/5£ $ n T 

v^>s,o ^<D±Km\(^s i 02 !ii2 0 Amm^fix\^^:ho mo<oi/') ::iymtmi\:m2 

02. ^1COL-Ox)ii203. ^l<7)SiO2)ii204 (;?F^^ $ ixfzW.mmz \±m 1 <7) 
/s; >; -J- ^ ^ )\.mt LTT a)li2 0 6/T a NM2 0 SO^^M (Ji^/6^~T aM, T^t^^^T 
aNM) /i)^^f^^$^-Cv^^o -eoi^liBiJtCC u))i7i'^'ffli6iiS ^/c^ 1 OC u jtid^2 0 7;0^^ 

im2 0 8, -eo±tC^2<7)S i O2 M2 0 9:dmm^irX\^>^o mi<D^yV =t>Ritm 
itm2 0 8 iSXTfm2(DS i O2 )li2 0 9 tllilf Tfflft75^'fM$fLTi3 19 . |5llilC- erfP 
lzm2<D/<\) T ^ 9 >vmtLXT ^m2 l l/Ta NM2 1 0 . -eoi^lffilj tcjl 2 O C uJl^ 
2 1 2 ;0^~fflA6:ii^ tlld"T^^~ffM$tLTV^^o 
[0 0 2 91 

^h\z^(D\£T<D±.[z/<^)Tmmm.x^^m2(D'y')uy^itm.itm2 1 3. ■eo±ic 

|H]»t;»3 <7)L -O xlii2 14. 03OSiO2)m21 5 ^^^fl^itmmBm^ flX\^^ ^ 

0 Pl^llfi^2<7)v'J 3>^<bM<bM2 13. ^3c^L-OxM2 14. S30S i02M 
2 1 5l<zm3<D/^^)T^ ^ )l^mt LTTa)^2 1 7/TaNM2 1 6^ 't<D\HmiZ'^ 3 <D 

c u M 2 1 8 ^mubiht tim2<DCu Mnimmf^ $ ^ „ ^ oii 2 o c u imm± 

tc, mz<^'y') ^>m.i\:mi\:m.2 1 9 ^^~S]S$:lxTv^^o ^o^Sit^ $ ib tc-^^^tcis dt 
ItOilL. ft±@ae^ (:*:|IMm^-t: (i^2 u^K^tc^^) _Lio J: 0^~ftJi@ L - O 

K 2 2 2 75^~?^lt$tL. :i(DT )V^7!r^yr^ y^^/^v K2 2 2 {—mt tTT;U50Ji 
Ttl^-^U LTT i 2 2 1 , 2 2 3 ^^"T^l^ftjit^llI^ LTv^;5>^^. ^ (7) 

mmzm.'^^ic\^^^(Dx\tti:^^) (d—m^^w.^ s i 02 1112 2 4 ^^trg^sru 7 ^"1:4 
(Dii^ii^^-m.2 2 5 (s i oNMi/iiis i NM) x^M.^ i\,^mwMm'&mm'^ 

[0 0 3 01 

vv>(Dual Damascene) SEMIS it ^ t oTV^'g>o ^ OlSit Jg, C t Hi . MitOX 

ifih^tzo -<7)#i»#:^M{±. T^^^MS 0 l±t;|SO<^v'; ='>'R'ftM'fb!l^3 0 2i)^ 
W^'^^t^xa^. -e<:0±tz;j^^T-M7K*'fb*°'; vn^-ij-:^T*^>2.^ 1 <7)L-0 xM3 0 3i)^ 
f^^^ttrv^^o $ f^tC-g-OXtCll lOS i O2 DI3 0 4 ;^»^^M$tLrv^^o ^OOv'J 
>^fl:MfbM3 02. ^lcoL-OxM303. ^\<DS iO2ll304 tlti^ 1 gS^ 
mm-b^li^^^fi. ^(DtlUmz^t^ l O/-?'; ^S^^H^^ L-CTaMSOe/XaNms 
OSoa^M (±^>&^^TaM. T^>{>^'TaNM) tLTV^-So 
[0 0 3 1 1 

^<Dnm\zm i c uiii3 o 7 i)-mib^tfim 1 u?»@eM/i^'?F^^$ttrv^^o -<7)» 

1 <7)C u?tseMco±t;/s-.; rmmmxh^m 1 ov-; >M'fl:M<l:!^3 0 8. -€-<7)Xtc|wi 

»lC^2<7)L-0 xM3 09.^2<7)SiO2M3 1 0 -hmjSL^ fiX :h o ^hiz^<7)± 

l^zm2<DW.Wimm<7)j:-y^>if^h yy^-tLX. ^ 2 v 'j n ^^j^-fk^^bM 3 1 1. 
0±tC^3 0L -0x113 12.|^3OSi02M3 1 3 7i^lt)iff^J?£$ tiTv^^o ^ 1 (D 
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T aNmS 1 A±.\zm2(DT aM3 1 5. 2 <7) C u M 3 1 6 75^'ai6iii ^ 

7^:112 <^C ujt@e^./i>^-'ft:fFM$tL-Ci3 ^) , ^0^2 00 u ?tS2ntO±tc|| 3 O v 'J u 

-e{±^3OL-0x)iii;ffi^) ±t;v-; n >^fbM^bM:^^'m$tL^o -etr. *Ji^@e 

^± ti V >; ^ .^-ftM-ft fli IS { t P ^ ^^ L T T )V 5 .i^" > T-' ^ > / ^° y K 3 2 0 
gc^tL, iOT^U5 ^'^T-'^ ^iJ'VN'-y K 3 2 0 {—mtLXT )V^(D±.y[Z/<')T ^ 9 )^ 
MtLTTiN^3 19, 3 2 1 =^^1-^«it^[il^LTv>^75^ C0«^{iPI^$ ;fx^ 

^>o-c-{±^vo (D—^i^m^ s i 02 )ii3 2 2 ^^^^LTnil§y■^ ,y ^ i±<D$)^ y^-ms 

[0 0 3 2] 

. Si, Ag, W, Mg, Bi, Zn, Pd, Cd> Au. Hg. Be, Pt. Zr. T 
i. iTttiS nOi-< ;i < ^— o^^-^tfC u Tn^M^fflv^/ct#'^<7):^^^ C u J; ^ 
mtim^BitLl-X$>^fzit>. C u Tn^M^fflv>>?>p< <; -7 h7&?^-2>o #tcS i 

|p]tcm< ^'2>^30;}^T^g< fc^(7)?:l)mfi;'^^ v>o J: 9 ^^^(i, 
(i'C ulilt::ig*^;^?~;^i: LTS i H4 , Si2H6, S i H 2 C 1 2 ^<7)|ffi;^ v ^ > ^ 
fflv^ ^^XvC VD^e-e2 5 0-4 0 Or-e^a-f -5)^ tlx J: l9#'S.^<»:;5^'-e#^o 
[0 0 3 3 J 

, hyy^J7s^:fymiiZ^iXfz^^^i^mWk^ts-Tm^mm4 0l±^Z^ SOnm-lOO 
nm<Dmm<7)mO(D'yV ::iyRitmtm4 0 2 ^ ^7 C V D -fttc J: l9?fML/^o 
T, ^1<7)L-Oxm4 03 CO^^dJ • J^^^=ff 150nm~350 nm<DmfHz^ 

mttZo -f-OJilC, ^lOS iO2)^404^50nm~-200n mCOM/Pt; :7°7X-r C 
VD-^tc cfc ^)^ML7t: (114 (a) ) o C OlSi*#±tcR|tP:*itM<!: LT^Il O A R CM 
4 0 5 ^^^L/c#:tC, ;fe/hL/S = 0 . 14/0. 1 4 ;« m l^^^KD 7 b V iJ''^ 7 

1 07 h i^v^ h v;^^^ 4 0 e ^^fml/^ (134 

(b) ) o 
[0 0 3 4 ] 

^^^-^^i^tlLT. ^l<^ARCm405. mi OS iO2ll404, ^lOL- 
O xM4 0 3 ^:yuu-f}-^:y^if;^^^/ufzJ^y^>:^':ff:^izX y)m^^y^>^^L. 
^0<7)vV n>^'fbM<bM4 0 2±-e^ h -7 y$-^^<t 9 tmi <7)Se^ffl?t^P3PL^^o 

-?-<7)ft, mm7°7X-7T -7 i 19 , 7* M^v^ h-v-T.^ ^fij^f^, 

*L7to ^<D^m. mi<7)M^mm^'^^->'^wmLfz (c) ) o 

[0 0 3 51 

T;^ ^)Umt LTT a NM4 0 7 1 0 nmffML. ^v^TT aM4 0 8 ^ 2 0 
nm^?tl*lt|5 (ffliJS:fe i t/JgM) ^^i^xmm. (^108 102^404) mMiZ^mL 
fzo M^'^U^^tf^<. C u - mm^m) ^^l O O nmffML/sro ^tCC u 
i6o ^ t^r. Iifli4 0 9 =^1^6 0 0 nmfmLfz (HIS (a) ) o 
[0 0 3 6] 

^<D^k. mm-)pT ~-)l^iZX 2 0 0-4 0 OVX^m.^n-otZo ^tc^ ^;WCMP*Mx 

ms (b) ) o ^t^, T'^X-^C VD^gtC J; 5 0- 1 0 0 0 nmO^l Ov'J rJ ^ 

mtE# 2003-3110817 



#gi2 0 0 3 -4 2 0 8 3 8 ^-v I 8/ 

kitm.'itm^ 1 O^m^LtZo ^v^T. 1 5 0 - 3 5 0 nm<7)||2<7)L-0 xM4 1 1. 
^h\Z^ 50-200 nm<7)||2c0S i O2 M4 12 ^IM^j^gBi L fCo 1^ 1 ^li'Tff^O 
fzsbKy ^ V) y ^'^y ^ -^Wi'km^^. 0. 1 4 ;um@coeT<7)/N°^->i: LT^2cO 
ARCM4 1 3±.{zm2<D7 ^ v>5. h "t;^ ^ 4 1 4 ^f^jaSct/i (1115 (c) ) o 
[0 0 3 71 

:Lfl^^7.^ \ZLX . ^2<7)ARC||^4 1 3. ^205 i O2 M4 1 2. ^2(7)L-0 
X Hi 4 1 1 ^m:A^ y^y^'L. ^ 1 (7) V 1; n y^'fbMBI 4 1 0 ±-t'J^ y h -7 7°$ 
-^/cerfflit^i^P Lt^o >k^zy^ h l^v^ h-7;^^'<!:||2c0ARCM^-7°7X-77y V 

>^'fl:Mf[:)M4 1 0 ^l^*L» 1 OC u?t@E^ tomcat) ^^ji^t^^T^c ^M^^-yf- 

T-'*"^^^T^o/c|^. A r ^^^tCi^S.RFJ^y^^^^f^o/cf^lceTfflitrtSlS (iiiJ 

Sisif/JSM) ^#i6r^^ (^2oSi02M4i2) SffinS 2 <7)/'? y r > ^ t 

LTTaN||l4 1 5 <7)M¥*t 1 0 n mfMi^^i § T a M 4 16^20 nmM0.L. M 

mim^^t^j:<. C u V- KM (ll^*^B&) ^^^1 0 0 nmmj^iLfZo >XI<'C uib-ob 
t^T. ^M4 1 7 ^*tJ3 0 0 nmf^^L/Co 't'D^ik. KsM'J^ T - - T 2 0 0 -400 

75«ffii6iiitL7teT^fML7t (1216 (a) ) o 
[0 0 3 81 

^(-^ 7°7X-rC VD^mtr J; 0 ^ 5 0 - 1 0 0 nm<7)||2<7)i/i; n^^<LM'fl:)ji4 1 
8 ^ff^/j!<;L;to l5c*/^T, 1 5 0 -3 5 0 nmC7)|^3<7)L-0 xM4 1 9, $ ^ 5 0 - 2 
0 0 nm0^3 OS i O2 III4 2 0 ^nW^f^mLfz (1116 (b) ) o 
[0 0 3 9 1 

^<7)M#:±tlRMP:^lhmt tT^3 0ARCil4 2 1 ^^^^tC, ft/h L / S = 0 . 
14/0. 14 m U^;!/^^ >j- h 'J Vi>'7-7^ - JMf ^ffl V^/N-i? - ^ > ^' § 3 (7) 

7* h Ixv^ h-^;^^ 4 2 2 ^:mm,Lfz (1117 (a) ) o 
[0 0 4 01 

LT. ^30ARC|ji42K ^3<7)SiO2il420. m3<DL-0 
xm4 1 9^yx^^iJ-^^y^.-ff'^^^tsJ^y^y^'ij'7.l,zX^m>XJ^-y^yiyL. m2 

<Diy') ^y^itm.im4 1 s±x^ h yy^'^^x')izm2<Dm^mm^mnLtzo 
u<7)m2(Diyv ^yRimim4 1 8=^i^*L7t:o ^^tc^irM^mtii'SvjfeJt-e^s^^ 

l^^L/Co ^IcV^T. iJ'^Mt^T. X7!7";^^tf ^o/ct^. A r ^^fXCJl-SRFJ^y 

f-^=^fo/^m^C^3 0/^'';T^^;^MiLTTaNM4 2 3<7))ll?*^jl 0 nmf^figtC^l^ 
i!iTall424^20 nmfmL. *^*^^^fc^< . C u v- KM (mmm^) * 
1^ 1 0 0 nmfML/io ^tcC uHb^^iZX. mm4 2 5 ^^^6 0 0 nmBJ^Lfzo 
f*, |fiEM'^T--;^tcr 2 0 0 -4 0 0°C-eM^^lTo/io ^l^^ ^^UCMPIMi^fflv^ 

. mm\-<r>^ ^ )\^^m^Lm\Hi>zc u:dmi6ihtiifzm2 c uM^^'^fmLfz. 

■f^X-rCVD^mzX 0. 5 0- 1 0 0 nmO^SOv'; n > ^'fbM'fblii 4 2 6 ^ff^^ 
Lfz m7 (h) ) o 
[0 0 4 1 1 

'eof^^3 <7)v'; =i>M<l:M<tiii4 2 6 (la 1(7)1^3 <7>v'; ^ ^^-f^MftM i 2 ot-ffi 

m) ±K3 0 0- 5 0 0 nmOS i O2 ^RISftMl 2 1 ^ "^7 C V D-ffilC J: «9 ff^fife 

L. 1^ 3 CO V 'j =f ^^^^bM'fbM 426i3j;tKSi02 mmmBm 1 2 1 -7 Pi- h >; V 

fzo m^^rmiULfzs i 02 iip^^itmi 2 ii5j;f/i^3(7)v'; 3:^^11:^11:^4 26^ 

f->i>*LT^2 C u^eSi^tv-K^r-V y^y^y V t ^mm-T ^ fzi6<DmnWS:mi^L 
fZo y^h h^^^ mi:'ik^^^ y ^ y ^'^iz J: I9 T i 122^100-20 

Onm, Al-Cu (0. 5%)Ml 23^800-lOOOnm. TiNMl24*5 
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6 ~ 1 0 0 nm^;ii^^ML;to M^^T. y t h ^) V y ^ -i^m^m^^^'y r ^ > ^ 

yyy^y Y^H^mky t V l^'Jy Y^y^ ^mi:LtZo ^LT. ^i^yT^ y^'/^y K±<7) 
T i N)il 124^M9J:9t^SiO2Ml25^100-200nm. Si ONM 1 2 6 
^ 1 0 0-2 0 0 nm^-/9XvC VDffitCj; 0 M^^Cff^^ L . 7 >l- h 'J V 7 "7 >f -i^#f 
\Z ^^^^yT^y ^ K l 2 3 ±0 S iON)iil26i3J:?7S 102^125 <7)B»fS^ 
l*^P?3n L'i^">r-V ^iJ'VA"-^ K^Sas^-^/^Co 
[0 0 4 2 ] 

m±m:(), HI t::^-r2Sie^«>t^*i-'5>¥^#^g7&^1#^^/io ^<02S@em» 

^^f:^J55ci-^i;d^7t: (9 . CMP-eiiiij7iim(±#|^i-<i:f\ t/c. iaiJ^L/cO. 1 4 m;^^ 

[0 0 4 3 ] 

=3 ^^'fbM'fDiiff'COR B S (9+P'7 * - K||:;^t^SL55"7tvi : Backseat tering Spectroscopy 

)-eiij^L/iM*^j^^^$iii. %m.<Dim. \ ^m^^fzm^<Dy 4 yy^y^-y = 0 . 1 4 
/O. 1 4 ;« mF^Pi-e<^@eMr5#fi:0<i^^$ll!i: L^^M#<^rs9#^^LfCo vVn^^'ft 
M'fbBI4>(OM^itSO±#tc#v^@e^F^#*(±f6:TL. Oa tm% Jil.±0 
M^M-etil^fD LTv^;z,o M^imj^^^' 0 Oi^-^ti 1 0 a t m%m±<7)^'^t JticL> 1 

[0 0 4 4 ] 

J/c. H 9 tc^l-ct 9 M<7)aBS;t?M^jiJS75^^l^3 5 a t m%m±(7) v 1; 3 >^ikM 

i^j.T<Dmm-x:<7)i&mmmit<7)^ 'j •> h ii^ < o t § -c t i ^ o m± j; <9 . v y n ^^^l 

M'fkMoM^sftJSfi 1 0 a t m%JLy.±3 5 a t m%^mx-^^ :i t-^mt L < > flKo^ 
^tt^O.ir^i^ii 1 5 a t m%m±3 0 a t m%J^ilT-ea^-2) i t J: Lv>o 
[0 0 4 5] 

V >; r: >^'fl:M'fLM't'<7)M^jft^JiJ.^fO'(l&0|a^li S i /^^^2 2 - 2 7 a t m%. C:/)^2 
0 - 2 5 a t m%. HtJ^ S 5 ~ 4 5 a t m%O^H<7)M-e#1475^^^^lt-e^ ^ 1 75^1itl?.$ 

S. HtiHF S (TK^ff^^tfeSL^^-^: Hydrogen Front Scattering Spectroscopy) -ejPJj^) 

o 

[0 0 4 6 J 

^<Dmmmmimm. m3<Dmmmm(Dm^<D}^'T^:^-ymmmimmt ltm^o^ 
miTjk'to i^') :=iy^'itmim^<Dmm'mm<D±.M-izm^i&mmir^^-or\^^^. mi o 

^:i.-y(D-^^t^i)m<. \£ri)^::i---:fyx^j:\^^ii<D(D^m%x\tm3 o%m.^m.ifin 
\^^^ti)mw^fitzo 

[0 0 4 7] 

^w<r>±.mimm^zmux^i'£i}^-ofz i><D<D if TS^o±#{±?isig-e^. mmmmm^z x 

h-f. c uw.^±Ky V y Ri\:m.im:^^^^m^m^<7)m.mmm:^'^'j^^^j: < ^j:^tmmn. 

^tiS i 56^ 2 2 - 2 7 a t m%. CtS^ 2 0 ~ 2 5 a t m%. 11:^^3 5 - 4 5 a t m%<7)^ 
[0 0 4 8] 
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jS^L^tJ^^^. 5 a t m%J'J.±-e{i±fSJi)^(i,%!^iZ'fg:T1-^/>:i6. OO-^^lfiS a t m% 
^mt-r^^tijmtL<. O. 5 a t m%;0^'b 2 a t m%<7)ffiHi:i-^^i:7&^^$'bHi? 

i Lv^o =2:^3, TK^itJtl^ov^Tie^i-^ 7K^;^^^Ao-rv^^ C <h J: C uStftMO 

MTU'xij^Ti^'* ^) . c u ^m<7)mitiP]±-^~^ z t ^^d^)]^:/}^^^o Ami^m^^s 5 a t m 
% {± c u gi-ftiii^o^^f^^ $ tL ^ -r < . mjim t± ±# 1- ^ m is] o 

[0 0 4 9] 

(DPSG (Phospho-Silicate Glass) ^±1^ v V ^^ibM-ftM^^M L/Co m.mi}^y'^ 
^-e^^v^^^ti, FT I r;^^^^ b;i/^«tlSi-^{i\ T^OP S GM'=f'<OP = OIS^ 
<7)95^^^i^JRe-^75^'M^-r'2)o M<7)M-7^n y ^I^Ox^ h t LT. P CT (Pressure 
Cooker Test) ^# 1 2 5 t: . 2 vl)^ 1 0 0 % L fj F T I R ( 7 - 'J 

•^'^^^^ir^'l-^t^iS: Fourier Transform Infrared Spectroscopy) h ;u^JticL/Co 
10 0 5 0] 

S i 02 P S Gm±i<'^m:Lfz'^y^)^(DP C Tbu^OFT I RX^i> 
L/io l-J 1 3 3 0 c m" 1 <7)^^f:^tz;]^;aEf ^ P = 0|g^(± P C T lu fifitlS^ tt/t Ti^^ P 
C T 9 6B#^^jif^C0FT I R^^i^^ b;l^T(i-/^^L. ;0-o f^o l-'^^tj, ^ 

[0 0 5 1 1 

x.fzm^<DUmm^^j:'^tZo lai 2iiS i C/P S Glt^t-eo, 1-^;f?*>. M0itJg = 

0 a t m%<7)J^'g-OPCTB«f^O;^^i5' h ;^Jtic-e^>5.o P C T bu <5, P = OIS-^ 
{i9 6BtPBl<7)PCTf^-e{±vi^LTv^>i)o -r^^*>. ^RSO^'n ^ttti^v^o if^, 121 

1 3 tiv'J =f ^^fb^^blli/P S CM (±S7&^'v'J TS^^'PSG) O 

(c t± p c T iu P - O ^^i± PCX f^-e i, a -^t^S o t ^ ^ i: 7i>^iie-e ^ 

[0 0 5 2 ] 

mi t^v'j 3>^'fbM'fi:m4'(oM^M^ pcTmfcp = oi§^;6^~^4t-r^75-ofij^i± 

^^^-To MSMTi^'l 0 a tm%-e(±, P = Olg-^Ti^liJ^^So T is 19 ^ cO|SJ^-C(iBSS 

<Dm'>-ii^hKfz^K ^^-r^ztitmmx^fzo ttz. ^tt&.T<Dmmmm<7y:^mxii 

[0 0 5 3 1 
[*ll 



^?^^J^(a t m%) 


0 


5.6 


8.2 


10.2 


13.8 


P C T^CO P = 0 (7??^lt 


X 


X 


A 


0 


0 



[0 0 5 4 1 
[0 0 5 5] 

2 tl/'^"'; 9 )Vmt LT. T a/T a N (_h^y5^~T a : 2 0 n m. T^Ti^^T a N : 1 0 
nm) i:i^m Ltz^^<DT a NcoM^itJ^i:^ ^ ;i/C M P -eo{i:*^'^xco^4Si5 J: <7T a N 
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i y •;/ > 1^ rf 5 f t ^ <7) X iSc t <7) # ^ ^ L 7t o 
[0 0 5 6] 
[«2l 





0 


2.1 


13.2 


15.3 


20.1 


34.6 


40.9 








A 


o 


o ■ 


o 


O 




4 


2 


3 


16 


4 


15 


>27j 



[0 0 5 7] 

T a NOX P S (X^.7fellT-^a^7tfe: X-ray Photoelectron Spectroscopy) "C^J^i^/cM^ 

fzo T a N^^*«tS7&^^4 0 a t m%*?||<^ l^^^'l^'trfi 2 0 IgiiiLT-^^ o />:7&^ 4 0 a t 
m%^^x.^ t 2 0 0 0 0miik±<Dmm.^7r^L. ^-^<-ya-ttzo 
[0 0 5 8 1 

i^c^3 tc/s 'j T.^ i5';l^<7)ftiiiC J;^, 0. 1 4 ;w m|l<7)^ $ 0 . 4 // mO l^ T^O C 

u ffii^ts is ct y^'^ ^ ;w c M p Bf oiu r^-^ ^ ^-r o 

[0 0 5 9] 
[^3] 



'J T ;U m. 


C u ^ f S 14 


fij f)^ n 


T a 


0 


X 


T a N 


X 


0 


T a y T a M 


0 


0 



[0 0 6 0] 

T aM^mS 0 nm<7)M±lw 1 0 0 nmOC u K^^fifel^L. ^<7)±tC3 0 0 nmCO 

C ui6o§^ilf5t. MM-^t LT4 5 or-ei 2 Btfa^jii^ L t i <7)Mf5^«iIS L 
h^^. m.m^BLUmm'^^^^^t^^fZo T a (2 O nm) /T aN (1 0 n m) (Di§^ ( 
-e<7)±(7)C u fi|5| D^f^t^) •e^jFplMfi't^O^o/::;^*^ 3 0 n mOOT a N-f.^t:-{±aiS:>F^?&^' 

iimifiJ: v^tJ^ T a N--<7)C uMOMntttiliv^o ^ttJiC u?^^^^4^:M*^^'^^^>5&- 
<7)P^'|^;^>^^^-& <hSt>n;&o J /ctrrC u<7)CMP-r<7)flj75^^;pL(i, T a N-^^O^t-a t . T 
a XT aN(Dmm(Di§^iiru^mi)^tp^^':^tz-^\ T a #® OJ^^(±flJ;6m7i)^~fiilS$ tt/Co - 

[0 0 6 1 ] 

/s-'j ^;i/M{±T a/T a Nco|I©SjittcPI^$tL^ <7)-e{±jfc v^o Sf^lfeliMt L 
TS i -H^^^^i-^^^^*tM(7)H7&VN''; iJ'^H^tC^j^L^ ^ )^<Dmm'{t^i>fz 

mit:^m±r-^i> tm^hix^o X^tzifi^X^ Ta/TaNm^^tCT a/X i N. T \ / 
T a N. T i /T i N<7)m^-ti:^> PlHgT»^-l.o 
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■' [ 0 "b 6 2 J 

MTK^-f b *° V n -tf > $ Tt: (± ^-K - 9 ;^ ^^^^SlTK^^b *° y v n ^ -if > -e ^ t /O^iif t L 

;i/:?fy vn^-<j->, ip^. S i -H^^tS i - CH3 t i^izii ^x^^^hmB 

li\ Black Diamond(iS^i&). Coral (iSli^S) > Aurora(rS#^) 4' i:^!;-^ |5]«4-|S^7)^^# 
^-So ^*S-t'?f^^ L/cMH S Q ^ t'-X: i,mm^J:^^:^mhnfZo JifE?*mo^MS<7)^f± 
. S i - CH3 IS^OHtS^S i -H^^coH i 19 <>illilLilv^^ <!:tc*H-r^ t^^hti 

[0 0 6 3] 

f^m-'Mi:i^mM-tz>^t{iti:ib-'^tz. tfz. \£Tmxi)^±^'r ^ ^ ti)^^j: < ^ t-<:>mm^^ti 

[0 0 6 4] 

ims] 0^ o » 3 <7) <7) ?f^«j ^ # M ^ ^ i- m -e * ^ o 

[El 5 ] :^§km<Dm 1 <Dmm<Difm^z^-t-^^^mi^'^w:^mm.j:m'^^-rm-^$)^o 
me] ^mM<Dm 1 o^ifeosiHt;75-75-^#3»#^MoMitxfi^^l-ia-e^^o 

[US] :$:|&^<7>^10^M<^ff^^T-(7)v'J n^j^'fbM'fbMOM^j^SfcBei^^^fi 

[lai 0] 3>j^iba<biiicoM^«jKt*i§B^<o»3o^ife(7)?f^«g,t:<7)eT^j^ 
^ <^ r^i^ ^ 71^ -rui t:- * ^ o 

[mil] s i 02 M/p s gmopcthu^^^oft I Rx^i^ h;i'^^i-iii-e^^ 

o 

[m 1 2] Si cmxp s gucop c Tmrft'^FT irt.^^ h^i^^^-rm-e^^o 

[H 1 3] V'; n ^^jbM-fbM/P S GMop c TmrmcoFT 1 r;^^^' h;u^^1- 
Bl -Cab -2)0 

[mi 4] t^^O^]5fe(7)f^«gtC75-^^^^2g#:^M^^-r[lI-e^^o 

[mi 5] t^e^<7)^M<^f^«^t;7)^75^^4^i»#s®co^5txfs^^-rm-tr^^o 
[mi 6] m^<7)mm<D=}^miz-^-^-^^^mi^mm:(Dm:^j:mimirmx-$>^o 
[mi 7] t^5^<7)^sfe(^f^^ii:6->6--2>4^#^^S(D^itxs^^i-m-e^-?>o 
[mi 8] 'iJt^(Dmmmmjz^-:6-^i^mi$-mw<DmMJ:m^7jk-tmr-$>:ho 
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